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(57) Abstract 

Chrysene derivatives having formula (I) have been found to have antitumor activity. In this formula, at least one of R1-R12 is -R13Z, 
where R13 is a substituted or unsubstituted amino or amido group having from 1-12 carbon atoms, and Z is a substituted or unsubstituted 
heterocyclic group having from 1-12 carbon atoms; and the remainder of R1-R12 are independently selected from the group consisting of 
hydrogen, substituted or unsubstituted amino or amido groups having 1-12 carbon atoms, nitro, and substituted or unsubstituted hydrocarbyl 
groups having from 1-12 carbon atoms. 
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ANTITUMOR CHRYSENE DERIVATIVES 
BACKGROUND OF THE INVENTION 

The present invention relates to compounds having antitumor activity. The invention 
also relates to pharmaceutical compositions that contain one or more of those compounds, 
methods of using the compounds to inhibit tumor growth in mammals, and methods of 
preparing the compounds. 

Many thousands of people are diagnosed with cancer each year, and although advances 
have been made in cancer therapy, the existing treatments are not successful in many cases. 
Among the problems with existing therapies are (1) anticancer drugs administered to patients 
often have toxic effects on non-cancerous cells in the patient's body, (2) cancerous cells whose 
growth can be inhibited by certain drugs sometimes become resistant to those drugs, and (3) 
some cancers cannot be effectively treated with a single drug, and sometimes not even with a 
combination of different anticancer drugs. A long-standing need exists for new anticancer 
drugs that have one or more of the following characteristics: (1) ability to inhibit the growth of 
cancerous cells, (2) acceptable levels of toxicity to non-cancerous cells, (3) effectiveness 
against cancerous cells that are resistant to other drugs, and (4) a different mechanism of action 
than existing drugs, so that when the new drug is used in combination with an existing drug, 
the likelihood of the cancer cells developing cross-resistance is reduced. 

SUMMARY OF THE INVENTION 

The present invention concerns compounds having the formula 



R|2 R, 




or salts of such compounds. At least one of R r R l2 is -R I3 Z, where R 13 is a substituted or 
unsubstituted amino or amido group having from 1-12 carbon atoms, and Z is a substituted or 
unsubstituted heterocyclic group having from 1-12 carbon atoms. The remainder of R r R 12 are 
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independently selected from the group consisting of hydrogen, substituted or unsubstituted 
amino or amido groups having from 1-12 carbon atoms, nitro, and substituted or unsubstituted 
hydrocarbyl groups having from 1-12 carbon atoms. 

In one embodiment of the invention, R 2 is -R 13 Z and R, and R 3 -R 12 are hydrogen. In 
another embodiment, R$ is -Ri 3 Z and R,-R5 and R 7 -Ri 2 are hydrogen. In another embodiment, 
R 2 and R 8 are each -R 13 Z and R„ R 3 -R 7 , and R<rR 12 are hydrogen. 

R 13 is preferably -NHR U -, where R l4 is a substituted or unsubstituted aliphatic group 
having from 2-6 carbon atoms. R 14 is preferably selected from the group consisting of - 
CO(CH 2 ) n CO- , -(CH 2 ) m - , and -COCCH^CHCHCCH^CO- , where n is from 1-4, m is from 2- 
6, q is from 0-2, and r is from 0-2. Z as mentioned above is a substituted or unsubstituted 
heterocylic group, such as piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, 
pyridinyl, thiophenyl, or derivatives thereof. 

Another aspect of the present invention is pharmaceutical compositions that comprise a 
compound as described above and a pharmaceutically acceptable carrier. Yet another aspect of 
the present invention is a method of inhibiting the growth of tumor cells, in which a tumor- 
inhibitory amount of a compound as described above is administered to a mammal. 

Another aspect of the present invention is a method of synthesizing an aromatic amino 
compound. This method involves reacting an aromatic compound that has a nitro group in the 
presence of samarium and a catalytic amount of iodine. If the aromatic compound is a 
chrysene derivative having a nitro group, this method can be used to synthesize antitumor 
chrysene derivatives as described above, or intermediates useful in the synthesis of such 
antitumor compounds. However, this synthetic method can also be used to prepare other 
aromatic amines. 

The compounds and compositions of the present invention are useful in cancer therapy, 
either by themselves or in combination with other antitumor chemotherapy or radiation 
therapy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 and Fig. 2 depict synthesis schemes that are described in Example 1. 
Fig. 3 and Fig. 4 depict synthesis schemes that are described in Example 2. 
Fig. 5 shows the formula of products synthesized in Example 2. 
Fig. 6, Fig. 6A, Fig. 7, and Fig. 8 depict synthesis schemes that are described in 
Example 4. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 

Polycyclic aromatic compounds are widely distributed in nature and are considered to 
be among the significant environmental carcinogens [1]. Previously, considerable research has 
been directed towards the synthesis of the polycyclic ring systems [2] and examination of their 
metabolic activation within target cells. Several hypotheses [3] have been proposed to 
establish the correlations between the structure of these metabolites, their cellular interactions 
and carcinogenicity. Eventually, most of the polycyclic metabolic products which act as 
carcinogens, intercalate with or bind covalently to DNA. Examination of several frequently 
used antitumor agents revealed two common structural features [4]: they have a planar ring 
system and a basic side chain. It could be predicted, therefore, that in addition to other cellular 
interactions these compounds would first demonstrate a strong interaction with the lipid 
domains of the plasma membranes and other membranes within the cell [5]. 

In some instances, antitumoral, DNA-intercalating drugs have been shown to interact 
with cell membranes and in some cases have demonstrated antitumor activities without further 
penetrating the cell structure. This then would put them in a class of drugs that have been 
called generally membrane stabilizing agents (MSA) [6]. These are agents which increase 
membrane stability against various stressors and often at higher concentration induce 
membrane destabilization. For example, they may act as anti-hemolytic agents at lower 
concentrations and cause hemolysis at higher concentrations. In order to determine the 
importance of these primary interactions with the plasma membrane of tumor cells in 
antitumor effects, we undertook an exploratory synthetic and biological evaluation of unique 
polycyclic aromatic compounds. This was based on our belief that the potential use of such 
compounds as antitumor agents has not been systematically explored [7], especially when 
specific modification is applied to enhance the membrane interaction as the primary effector of 
antitumor activity. On this basis, we began this systematic analysis by synthesizing a number 
of chrysene derivatives and studied their biological effects in vitro on a panel of human tumor 
cell lines. 

A number of compounds of the present invention have been prepared, and are listed in 
Table 1. 
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Table 1 

Cpd No. Compound Name 

Tx-1 N-(6'-chrysenyl)-4-(4'N methyl-piperazinyl>butane-l ,4-dicarboxiamide 

Tx-2 N<2 / -chrysenylH.(4T^-methyl-piperazinyl)-butane- 1 ,4-dicarboxiamide 

Tx-3 N-(6'-chrysenyl)-4-( 1 '-piperidiny l)-butane- 1 -4-dicarboxiamide 

Tx-4 N-(2'-chrysenyl)-4-( 1 '-piperidinyl)-butane- 1 ,4-dicarboxiamide 

Tx-5 N-(2'-chrysenyl)4-( 1 '-piperidinyl)-butane- 1 ,4-diamine 

Tx-6 N-(2'-chrysenyl)-4-(4'N methyl-piperazinyl)-butane-l ,4-diamine 

Tx-9 N-(12'-bromo, 6'-chrysenyl)-4-(4 / N methyl-piperazinyl)-butane-l,4- 

dicarboxiamide 

Tx- 10 N-( 1 2 '-bromo, 2 / -chrysenyl)-4-(4 / N methyl-piperazinyl)-butane- 1 ,4- 

dicarboxiamide 

Tx-1 1 N-( 12 '-bromo, 6-chrysenyl)-4-(l '-piperidinyl)-butane-l ,4-dicarboxiamide 

Tx-12 N-(12'-bromo, 2'-chrysenyl)-4-(l '-piperidinyl)-butane-l, 4-dicarboxiamide 

Tx-13 N-(12'-nitro, 6'-chrysenyl)-4-(4'N raethyl-piperazinyl)-butane-l,4- 

dicarboxi amide 

Tx-14 N-( 1 2'-nitro, 2'-chrysenyl)-4-(4'N methyl-piperazinyl)-butane- 1 ,4- 

dicarboxiamide 

Tx-15 N-(12'-nitro, 6 / -chrysenyl)-4-(r-piperidinyl)-butane-l, 4-dicarboxiamide 

4 
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Tx-16 N-(12'-nitro, 2'-chrysenyl)-4-(l '-piperidinyl)-butane-l ,4-dicarboxiamide 

Tx-1 7 N-(12'-acetyl, 6'-chrysenyl)-4-(4'N methyl-piperazinyl)-butane-l ,4- 
5 dicarboxiamide 

Tx-1 8 N-(12 -acetyl, 2'-chrysenyl)-4-( 4 ' N methyl-piperazinyl)-butane-l ,4- 
dicarboxiamide 

10 Tx-1 9 N-(12'-acetyl, 6'-chrysenyl)-4-(l '-piperidinyl>butane-l ,4-dicarboxiamide 

Tx-20 N-(12'-acetyl, 2'-chrysenyl)-4-(l '-piperidinyl)-butane-l ,4-dicarboxiamide 

Tx-2 1 N-(l 2 '-acetyl , 2'-chry senylM-^'N methyl-piperazinyl hydrochloride)-butane- 
15 1,4-dicarboxiamide 

Tx-22 N-(2'-chrysenyl)-4-(4'N methyl-piperazinyl hydrochloride)-butane-l ,4- 

dicarboxiamide 

20 Tx-23 N-(6'-chrysenyl)-5-(4'N methyl-piperazinyl) -pentane-1 ,5-dicarboxiamide 

Tx-24 N-(2'-chrysenyl)-5-(4'N methyl-piperazinyl) -pentane-1 ,5-dicarboxiamide 

Tx-25 N-(6'-chrysenyl)-5-(l '-piperidinyl) -pentane-1 ,5-dicarboxiamide 

Tx-26 N-(2'-chrysenyl)-5-( 1 '-piperidinyl) -pentane- 1 ,5-dicarboxiamide 

Tx-32 N-(2'-chrysenyl)-3-(4'N methyl-piperaziny l)-propane- 1 ,3-dicarboxiamide 

30 Tx-33 N-(2'-chrysenyl)-3-(l '-piperidinyl)-propane-l ,3-dicarboxiamide 
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Tx-36 N-(2'-chrysenyl)-4-[ 1 '-piperidinyl-4'-(m trifluoromethylphenyl)]-butane- 1 ,4- 
dicarboxiamide 

Tx-39 N-(2'-chiysenyl)-4-(4'-morpholiiiyl)- butane- 1 ,4-dicarboxiamide 

Tx-40 N-(2'-chrysenyl)-4-( 1 '-thiomorpholinyty-butane- 1 ,4-dicarboxiamide 

Tx-4 1 N-(2'-chrysenyl)-4-( 1 '-pyrrolidinyl)-butane- 1 ,4-dicarboxiamide 

Tx-42 N-(6'-chrysenyl)-4-(l '-pyrrolidinyO-butane-l ,4-dicarboxiamide 

Tx-44 N-(2 / -chrysenyl)-4-(r-piperidinyl)-but-2-ene-l,4-dicarboxiamide 

Tx-45 N-(2'-chrysenyl)-4-(4'N-methyl-piperazinyl)-but-2-ene- 1 ,4-dicarboxiamide 

Tx-46 N-(6'-chrysenyl)-4-(4'N-methyl-piperazinyl)-but-2-ene- 1 ,4-dicarboxiamide 

Tx-52 N-(2'-chrysenyl)-4-(l T^-cycloheptanyl)-butane-l ,4-dicarboxiamide 

Tx-53 N-(6'-chrysenyl)-4-(l / N-cycloheptanyl)-butane- 1 ,4-dicarboxiamide 

Tx-55 N-(2'-chrysenyl)-4-(l TSI-cyclooctanyl)-butane-l ,4-dicarboxiamide 

Tx-56 N-(6'-chrysenyl)-4-(l / N-cyclooctanyl)-butane-l ,4-dicarboxiamide 

Tx-59 N-(2'-chrysenyl)-4-(4'N, N-dimethyl-piperizinyl iodide)-butane-l ,4- 

dicarboxiamide 

Tx-60 N,N-(6', 12'-chrysenyl)-bis[4-(4'N methyl-piperazinyl)-butane-l,4- 

dicarboxiamide] 



5 



WO 00/24394 PCT/US99/22077 

Tx-61 N-[(6'-chryscnyl>4-(r-pipcridinyl) -butane- 1 ,4-dicarboxiamide]-N- [(12'- 

chrysenyl)-4-(4'N methyi-piperazinyl)-butane-l ,4-dicarboxiamide] 

Tx-62 N,N-(6', 1 2'-chrysenyl)-bis[4-(l -piperidinyl)-butane- 1 ,4-dicarboxiamide] 

Tx-63 N,N-(2', 8'-chrysenyl)-bis[4-(4'N methyl-piperazinyl)-butane-l ,4- 

dicarboxiamide] 



Tx-64 N-[(2^chrysenylH< 4/N methyl-piperazinyl) -butane- 1 ,4-dicarboxiamide]-N- 
I0 [(8^chiysenyl)-4-(r-piperidinyl)-butane-l,4-dicarboxiamide] 

Tx-65 N,N-(2', 8'-chrysenyl)-bis[4-(r-piperidinyl)-butane-l ,4-dicarboxiamide] 

Tx-70 N-(2'-chrysenyl)-4-(4 , N-methylpiperazinyl-N-oxide)-butane- 1 ,4- 



15 



dicarboxiamide 

Tx-71 N-(6'-chrysenyl)-4-(4'N-methylpiperazinyl-N-oxide)-butane-l,4- 
dicarboxiamide 



20 Tx-74 N-[(6*-chrysenyl)-4-(4'N methyl-piperazinyl)-butane-l ,4-diamine]-N-[(12'- 

chrysenyl)-4-(l '-piperidinyl)-butane-l ,4-diamine. 

Tx-75 N-[(2 , -chrysenyl)-4-(r-piperidinyl)-butane-l ,4-diamine]-N-[(8'-chrysenyl)-4- 

(4'N methyl-piperazinyl)-butane-l ,4-diamine 

25 

Compounds numbered Tx-7, 8, 31, 35, 57, and 58 were prepared, but proved to be 
either insoluble to the extent that they could not be tested or unstable to the extent that they 
could not be stored appropriately. 

Methods for synthesizing the compounds of the present invention are described in the 
30 examples below. Therapeutic compositions containing these compounds will preferably also 
include one or more pharmaceutically acceptable carriers, such as saline solution, and may also 
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include one or more pharmaceutical^ acceptable excipients and/or additional biologically 
active substances. 

The compounds of the present invention can be used in methods of inhibiting the 
growth of tumor cells in mammals, particularly in humans. Specific human malignancies for 
which these compounds should be useful include breast, colon, ovarian, and prostate cancers, 
melanoma, leukemia/lymphomas, and possibly others as well. The compounds are 
administered to a mammal in an amount effective to inhibit the growth of tumor cells in the 
mammal. The administration can suitably be parenteral and by intravenous, intraarterial, 
intramuscular, intralymphatic, intraperitoneal, subcutaneous, intrapleural, or intrathecal 
injection. Such administration is preferably repeated on a timed schedule until tumor 
regression or disappearance has been achieved, and may be used in conjunction with other 
forms of tumor therapy such as surgery or chemotherapy with different agents. A compound 
of the present invention is preferably administered in a dose that is between approximately 
0.01 and 100 mg/kg of body weight of the mammalian subject. A presently preferred dosage 
for compound Tx-5 is between approximately 18-72 mg/kg. 

The present invention can be further understood from the following examples. 

Example 1 

Compounds having the general structure shown below were synthesized by the 
schemes depicted in Figures 1 and 2. 



X = CH 2 
X =NCH 3 

Ar = chrysene 



Reaction of 6-amino chrysene 1 with 4-cholorobutyryl chloride 2 in the presence of 
triethylamine gave the required chloroamide 3 in excellent yield. Condensation of piperidine 
4a or N-methyl piperazine 4b in the presence of triethylamine or other strong bases, such as 
NaH and K 2 C0 3 , failed to produce the required monoamide 5. It was anticipated that the 
monoamide 5 would give compounds of the general structure shown above by reduction. The 
structure of the product was deduced to be a cyclic amide 6 formed through intramolecular 
cyclization (Fig. 1). 

As an alternative, we prepared the acid 8 in quantitative yield by refluxing succinic 
anhydride 7 with piperidine 4a and N-methyl piperizine 4b using dichloromethane as solvent 
(Fig. 2). 

8 
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Coupling reaction of the acid 8 with commercially available 2-amino chrysene 9 or 6- 
amino chrysene 1 with DCC [8] gave a poor yield (less than 5%) of the desired products 10 
and 11 respectively. Similar reaction of the acids 8a with aniline or jvanisidine in the presence 
of DCC gave the amide in excellent yield indicating the difference in reactivity between 
polycyclic and monocyclic amines. After considerable experimentation, we discovered such 
coupling reaction can be carried out efficiently by isobutyl chloformate-triethylamine method 
[9]. The products 10 and 11 were isolated in good yield. Reduction of the diamides 10 to the 
diamines 12 was carried out by LiAlH 4 in refluxing THF ( Fig. 2 ). 

The products were isolated by crystallization from diethyl ether or by rapid flash 
chromatography by using neutral alumina as adsorbent and MeOH-EtOAc (10:90) as the 
eluent. 

The compounds of this example correlate to the listing of compounds by Tx number in 
Table 1 as follows: 



Compound 


Compound Tx No. 


10a 


Tx-4 


10b 


Tx-2 


11a 


Tx-3 


lib 


Tx-1 


12a 


Tx-5 


12b 


Tx-6 


Example 2 





Analogs of the compounds of Example 1 having a three or five carbon chain or 
unsaturated four carbon chain between the polycyclic and heterocyclic units were synthesized. 
The required acids, 111 and 112, for the present study were prepared in excellent yield by the 
direct condensation of glutaric anhydride 113 and maleic anhydride 114 with piperidine 115 
or N-methylpiperazine 116 (Fig. 3). The acids 111 (obtained as the trans-isomer) and 112 were 
condensed with commercially available 2-amino chrysene 109 and 6-amino chrysene 110 in 
the presence of isobutylchloroformate and triethylamine [9]. The diamides 104, 105, 106, and 
107 were obtained in good isolated yield (60-70%) after flash chromatography (Figure 5). 
Reduction of 106a with LiAlH 4 gave 103a arising from the complete reduction of the diamide 
and unsaturated functionalities. 

Next, we prepared two diamides 108 which have a three carbon chain in between 
chrysene and the heterocyclic base. Addition of ethyl malonyl chloride 117 to a solution of 2- 
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amino chrysene 109 in dicholoromethane afforded the ethyl ester 118 which was hydrolyzed to 
the acid 119 by methanolic NaOH solution. Coupling reaction of the acid 119 with N-methyl 
piperazine 116 and piperidine 115 in the presence of isobutylchloroformate was not successful. 
However, the diamide 108 was obtained in good yield when BOP was used as the condensing 
agent [10] (Fig. 4). 

The compounds of this example correlate to the listing of compounds by Tx number in 
Table 1 as follows: 



Compound 


Compound Tx No. 


104a 


Tx-26 


104b 


Tx-24 


105a 


Tx-25 


105b 


Tx-23 


106a 


Tx-44 


106b 


Tx-45 


107 


Tx-46 


108a 


Tx-33 


108b 


Tx-32 


Example 3 





As part of our experimental goal of synthesizing polycyclic compounds with anticancer 
properties, we became interested in developing a general synthesis of aromatic amines. 
Reduction of the aromatic nitro compounds by catalytic hydrogenation [11] is probably the 
best method known to produce the aromatic amines although various other synthesis of 
aromatic amines have appeared in the literature [12]. We have noted a method of reduction of 
the aromatic azido groups to the aromatic amines by metallic samarium [13] and iodine. One 
of us was previously involved in iodine catalyzed [14] reactions. We have also noted the 
reduction of aromatic azido compounds to amino compounds by various other methods [15]. 
However, aromatic azido compounds, particularly in polycyclic series are not naturally 
abundant, difficult to make and in some cases precaution has to be taken because of their 
sensitivity towards metallic objects [16]. On the other hand, aromatic nitro compounds are 
easily accessible by conventional nitration and many of them are commercially available. We 
have demonstrated a simple reduction of such compounds by samarium and iodine. 

First, several monocyclic benzene derivatives were chosen for this reduction study. 
Thus, reduction of p-nitroanisole (reaction 1 in Table 2) to /?-anisidine was achieved in 
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refluxing methanol by samarium and catalytic amounts of iodine, as shown in the scheme 
below. 

Scheme 

chX'thf* 

60-94% 



From a series of experiments we found that 4-equivalents of samarium was required for 
the completion of reaction. An increase in the amount of samarium did not reduce the time 
required. The reaction time under sonication remained the same. We found that a catalytic 
amount of iodine is necessary because the reduction did not proceed in the presence of 
samarium and methanol only. We also found that THF can be used as the solvent with equal 
effectiveness. Subsequently, we used several bicyclic and polycyclic nitro compounds for 
reduction under identical conditions and isolated the corresponding amino compounds in good 
yield. The results are represented in Table 2. 



Table 2 



Reaction 


Substrate 


Product | 


Yield %' 


Reflux 
Time b 


1 


4-nitroanisole 


4-anisidine 


88 


7 


2 


4-bromonitrobenzene 


4-bromoaniline 


86 


3 


3 


2-nitro ethylbenzoate 


2-amino methylbenzoate 


86 


5 


4 


1-nitronaphthalene 


1 -aminonaphthalene 


64 


8 


5 


2-nitrofluorene 


2-aminofluorene 


95 


7 


6 


2-nitro-9-ketofluorene 


2-amino-9-ketofluorene 


60 


6 


7 


6-nitrochrysene 


6-aminochrysene 


94 


8 


8 


1-nitropyrene 


1-aminopyrene 


92 


7 


9 


1 2-nitro-6-acetamidochrysene 


1 2-amino-6-acetamidochrysene 


64 


48 



a: isolated yield b: reaction time (in hr) 



The table shows some selectivity in the reduction process. Thus, there is no 
dehalogenation (reaction 2) or hydrogenolysis (reaction 6). The widely used catalytic 
hydrogenation gives dehalogenation and hydrogenolysis in most of the reactions. 2- 
Nitroethylbenzoate (reaction 3) gave 2-aminomethylbenzoate arising from a transesterification 
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reaction in the presence of methanol. On the other hand, 2-aminoethylbenzoate was the product 
in the presence of THF. 

A representative procedure is as follows: To 50 mg of the nitro compounds in 5 mL of 
dry methanol were added 4 equivalents of samarium and 0.1 equivalent of iodine and the 
mixture was refluxed under argon atmosphere until the disappearance of the starting material 
as indicated by TLC. The reaction mixture was diluted with 30 mL of dichloromethane and 
filtered. The filtrate was washed with saturated aqueous sodium thiosulfate solution and brine. 
The organic layer was dried over anhydrous sodium sulfate. The solvent was removed under 
reduced pressure and the crude product was purified by crystallization from dichloromethane- 
hexanes or column chromatography over basic alumina. 

In order to compare the effectiveness of this samarium-induced reduction process with 
the well-established samarium diiodide [17] mediated reduction process, we carried out the 
reduction of 2-nitroflourene with 8 equivalents of samarium diiodide solution in THF and 
observed 80% conversion. The isolated yield from the same reaction under metal samarium- 
iodine induced condition is 95%. Samarium diiodide can be prepared by refluxing overnight 
equimolar samarium and iodine in THF [18]. As can be seen from the table, the reduction of 
several nitro compounds was completed within 3-8 h although we used catalytic amounts of 
iodine. Thus, we suggest that freshly prepared reducing agent from samarium and catalytic 
amounts of iodine is a better reagent than commercially available samarium diiodide. 
Samarium diiodide is available in sealed bottle but can be inactivated even after a brief 
exposure to moisture. As a result, we required different amounts of samarium iodide-THF 
solution for the reduction of the same nitro compound under identical conditions from a bottle 
which we used at a one month interval. The high reactivity of the metallic samarium is 
probably a result of the high reducing power as shown by the reduction potential data [13] 
( Sm 3 7 Sm = -2.41V vs Sm 3 7Sm 2 * « -1.55V). 

Use of some salts and Lewis acids [19] in some cases produced hydroxyl amine 
derivatives under samarium-iodine induced reduction conditions. Prolonged reaction time or 
drastic conditions did not alter the product distribution. However, no hydroxyl amine 
derivatives were observed in the present reduction method by samarium-iodine. The 
intermediates, if any, may be transformed to the final amines very rapidly without building 
sufficient concentration. 

In conclusion, we have shown a simple method for the reduction of the aromatic nitro 
compounds to the amines in excellent yield. (All products were characterized through a 
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comparison of mp, TLC, and NMR with authentic compounds.) Some of the poiycyclic 
amines that we have synthesized are versatile starting materials for the development of 
anticancer agents. [20] 
Example 4 

As part of our study on the synthesis and biological evaluation of poiycyclic aromatic 
compounds as anticancer agents, we have found that some 2-substituted chrysene derivatives 
are more potent than the corresponding 6-isomers. In order to investigate the 2-substituted 
chrysene derivatives in a highly functionalized system, electrophilic substitution reaction of the 
poiycyclic system is necessary. This example describes the nitration of 2-acetamidochrysene 
and synthesis of some 2,8-disubstituted chrysene compounds. 

Electrophilic aromatic substitution reaction is an important synthetic reaction [21], The 
orientation of the electrophile in simple benzene and naphthalene derivatives is predictable in 
most of the cases. On the other hand, electrophilic reaction in poiycyclic aromatic system is 
difficult to achieve and there is no clear orientation rule. In the past, most of the research in 
poiycyclic aromatic systems was directed towards the synthesis of the ring system [22] and to 
define the mechanism of their carcinogenicity [23]. We have noted nitration and bromination 
studies of 6-acetamidochrysene in the literature [24]. The orientation of the nitro and bromo 
group in 6-acetamidochrysene was determined by chemical correlation study. 

As shown in Fig. 6, 2-acetamidochrysene 202, prepared by the acetylation of 
commercially available 2-amino chrysene 201, after nitration with nitronium tetrafluroborate 
[25] as the nitrating agent gave a single nitro derivative 203. The product was purified by 
crystallization and on the basis of NMR, substitution at the 8-position was indicated. In order 
to confirm the position of electrophilic attack, the nitro compound 203 was subjected to 
hydrolysis to provide the amine 204. Condensation of the amine 204 with the side chain 205 
(prepared earlier) via the mixed anhydride method furnished the nitro diamide 206 in 82% 
yield. Catalytic transfer hydrogenation [26, 27] of the nitro diamide 206 gave amino diamide 
207 which on condensation with acid 208 produced tetramide 209 with two dissimilar side 
groups on the aromatic ring. It was reasoned that if the site of electrophilic attack was at 
position 8, reversal of condensation steps should produce the same tetramide 209 due to the 
symmetrical nature of the molecule (Fig. 6). 

Reduction of the tetra-amide 209 produced the tetra-amine 210 in excellent yield. By 
following an identical sequence described above, 6-12 disubstituted tetra-amine 211 was 
prepared (Fig. 6A). 
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Thus, coupling reaction of N-methyl piperazine containing side chain 208 with 204 
was performed and the resulting product 210 was reduced to the amine 211 under transfer 
hydrogenation conditions. Condensation of the amine 211 with the piperidine containing side 
chain 205 gave tetramide 209. The identical physico-chemical properties of the tetramide 209 
prepared by two different routes confirmed a symmetrical product which in this case is only 
possible if the electrophilic attack takes place at 8-position (Fig. 7). 

With site of electrophilic attack confirmed, it was decided to prepare two C-2 
symmetric compounds 213 and 214. Thus, diamine 212 obtained by the hydrolysis of 204 was 
condensed with the side chains 205 and 208. The products 213 and 214 were isolated in good 
yield. (Fig. 8). 

The compounds of this example correlate to the listing of compounds by Tx number in 
Table 1 as follows: 



Compound 


Compound Tx No. 


206 


Tx-16 


209 


Tx-64 


210 


Tx-14 


213 


Tx-65 


214 


Tx-63 


215 


Tx-4 


216 


Tx-2 


Example 5 




Chysene In Vitro Cytotoxicity Testing 



Chrysene derivatives were tested, as will be described below, against six to eight 
cultured, tumor cell lines of human and/or animal origin, at least half of which were selected 
from the NCI panel of test tumors. In each experiment, Adriamycin (ADR) was used as a 
maximally positive control. Subsequent to our determination that the chrysene derivative Tx-2 
demonstrated remarkably consistent, relatively positive effects, it was also included in the 
panel of test agents in every experiment where chrysene analogs were tested. No cytotoxicity 
data is given in Table 3 for some of the Tx numbers because they proved to be totally insoluble 
in any reasonable solvent combination and therefore were not included in the testing pattern. 
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In Vitro Cytotoxicity Determinations 

Data are IC^ values (MTT assay) reported as |!g/ml for 72 hours continuous exposure 
to the drug. Drugs were prepared in DMSO:PEG300 (1:1). Further, dilutions were made in a 
cell culture medium with fetal bovine serum. 



Test Tumor Lines 

BRO human melanoma 

HT-29 human colon adenocarcinoma 

P388/0 murine lymphatic leukemia 

MCF-7 human breast carcinoma 

HL-60 human promyelocyte leukemia 

OVCAR 3 human ovarian carcinoma 

Additional tumor lines against which the drugs were tested in certain series included 
L1210 (leukemia), PC3 (prostate) and several others. 

Compounds were evaluated for solubility characteristics in vehicles which would be 
appropriate for use in cell culture. The compounds were added to the cell lines under 
continuous culture for 72 hours. Inhibition of growth relative to control cell culture was 
determined by the MTT method at the end of 72 hours. This is a test of the relative ability of a 
compound to inhibit cell growth not survival. However, inhibition of growth may reflect cell 
death and/or cytostasis. 

Summarized results of the in vitro cytotoxicity testing, specifically average IC 50 values 
for the various tumor lines, are given in Table 3. 



Table 3 



Agent 


# Runs 


P388/0 


BRO 


HT-29 


MCF-7 


OVCAR-3 


HL-60 


ADR 


23 


0.24 


0.29 


0.44 


0.31 


0.10 


0.22 


Tx-I 


3 


8.5 


13.5 


6.3 


11.2 


7.0 




Tx-2 


17 


7.5 


8.9 


6.5 


9.7 


8.7 


5.9 


Tx-3 


2 


13.0 


23.2 


15.2 


11.5 






Tx-4 


3 


202 


>50 


15.7 


19.6 




>50 


Tx-5 


3 


22 


3.2 


2.3 


4.1 




3.8 
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Agent 


U Runs 


P388/0 


BRO 


HT-29 


MCF-7 


OVCAR-3 


HL-60 


Tx-6 


2 


4.7 


8.8 


9.3 


12.1 




8 7 
o. § 


Tx3" 


r 


>50 


>50 


>50 


>50 


>50 




Tx-10 


r 


9.9 


37.3 


13 


>50 


38.1 




Tx-11 


r 


>50 


>50 


>50 


29.2 


11.8 




Tx-12 


r 


>50 


43.4 


>50 


>50 


>50 




Tx-13 


r 


4.9 


23.4 


13.7 


51.3 


10.8 




Tx-14 


r 


2.2 


55.5 


21.2 


55.1 


11 1 




Tx-15 


i 


7.4 


20.2 


6.1 


42.8 


7.0 




Tx-16 


1 


3.1 


13.2 


6.3 


24.6 


12.9 




Tx-17 


1 


>100 


>100 


88.5 


>100 


>100 




Tx-18 




53.5 


16.4 


48.4 


33.0 


19.7 


7.1 


Tx-19 


1 




6.3 


42.5 


70.8 


>100 




Tx-20 


1 




8.6 


63.1 


74.1 


>100 




Tx-21 


1 


9.2 


18.6 


17.7 


26.2 


27.2 




Tx-22 




4.5 


7.5 


9.0 


15.9 


12.8 


7.7 


Tx-23 


1 


6.5 


11.3 


7.9 


13.9 


5.6 




Tx-24 




6.2 


9 


8.1 


11.7 


9.7 




Tx-25 


1 


70.9 


39.5 


94.8 


23.8 


38.3 




Tx-26 


1 


78.9 


43.9 


>100 


41.6 


29.2 




Tx-32 


1 


6.5 


9.9 


13 


6.0 


12.2 




Tx-36 


1 


11.6 


6.3 


16.4 


6.0 


19.8 




Tx-39 




7.1 


24.9 


20.9 


51.1 




6.1 


Tx-40 






3y.j 


24.4 


55.3 


3.4 


5.0 


Tx-41 




15.9 


45.6 


7.1 


15.9 


7.2 


6.2 


Tx-42 




57.7 


87.5 


44.7 


45.7 


13.0 


14.7 


Tx-44 




5.9 


19.0 


6.5 


6.3 


6.8 


4.8 
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Tx-45 


2 


7.9 


10.1 


62 


6.2 


7.1 


3.9 


Tx-46 


r 


7.0 


11.5 


53 


6.5 


5.3 


6.9 


Tx-52 


r 


18 J 


24 




7.2 




3.7 


Tx-55 


r 


19.9 


44.6 




4.9 




4.5 


Tx-56 


r 


95.3 


33.4 




39.6 


49.5 


10.3 


Tx-59 


r 


55.3 


54.8 




26.6 


21.0 


32.0 


Tx-60 


r 


83.6 


56 




45.8 


45.6 


>100 


Tx-61 




13.2 


14.9 




6.1 


10.1 


5.1 


Tx-62 


r 


64.6 


22.9 




11.3 


20.4 


22.5 


Tx-63 


r 


35.7 


61.9 




16.3 


29.9 


13.4 


Tx-64 


r 


19.5 


13.9 




6.2 


8.4 


5.3 


Tx-65 


r 


48.8 


47.1 




13.4 


27.6 


16.1 


Tx-70 




58.7 


55.7 


6.3 


23.4 


47.3 




Tx-71 




59.3 


55.6 


59.6 


30.2 


43.4 




Tx-74 


2 


1.9 


1.5 


1.3 


1.5 


1.3 




Tx-75 


1 


1.9 


2.3 


1.4 


1.5 


1.3 





An IC 50 value above 50 jig/ml indicates that there was insufficient cytotoxicity of the 
compound to achieve a 50% inhibition of cell growth at 50 ng/ml. In some cases, we observed 
cytotoxicity at 100 ^xg/ml but few of the drugs are readily soluble at this concentration and the 
data are not reliable. 

ADR invariably produced the described anti-tumor effect against all tumor lines at 
concentrations lower than 1 \xg/ml of culture media. The effect of the Tx- compounds was 
divided into five activity groups as described below. In all cases, if activity against a single 
tumor line differed radically from that against all others, notation was made of this specificity 
but the agent was grouped as determined by the majority of the results. 

Group A. These agents were effective against all tumor lines at concentrations under 5 
fig/ml. Some of these compounds were effective at less than 1 log difference from the activity 
of ADR. 

Group B. These agents were effective against all tumor lines at less than 10 ng/ml. 
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Group C. These agents were effective against one-third to one-half of all tumor lines 
tested at levels less than 10 ug/ml. 

Group D- These agents were effective against one or two of the six to eight tumor lines 
tested at concentrations of less than 10 ug/ml. 

Group E. These agents produced some anti-tumor effect at doses above 10 ug/ml but 
less than 20 ug/ml. 

Group F. These agents were "effective" against some tumor lines above 20 ug/ml but 
often demonstrated little or no anti-tumor effect. 



Group A 

Tx-5 
Tx-74 

Group B 

Tx-2 
Tx-6 
Tx-22 
Tx-32 

Group C 

Tx-1 
Tx-23 
Tx-24 
Tx-39 

Group D 

Tx-1 5 
Tx-1 6 
Tx-20 
Tx-36 

Group E 

Tx-3 
Tx-13 
Tx-1 4 
Tx-1 8 



Table 4 
Tx-75 



Tx-44 
Tx-45 
Tx-46 



Tx-40 
Tx-41 
Tx-64 



Tx-52 
Tx-55 
Tx-61 



Tx-42 

Tx-62 
Tx-63 
18 
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Tx-19 



Tx-65 



Tx-21 



Group F 



Tx-4 



Tx-25 



Tx-9 



Tx-26 



Tx-10 



Tx-56 



Tx-11 



Tx-59 



Tx-12 



Tx-60 



Tx-17 



Tx-70 



Tx-71 



In summary of these findings, the most active compounds produced in this series were 
Tx-5, the diamine derivative of Tx-4, and Tx-74 and Tx-75, the asymmetrical bis tetra-amine 
derivatives of chrysene. The use of the term "asymmetrical" in this instance refers to the 
presence of two dissimilar terminal heterocylic molecules. Tx-2 and a number of its 
derivatives including the diamine (TX-6); hydrochloride salt (Tx-22); and alkyl chain 
variations in which the chain length was modified (TX-32) or an unsaturated group (Tx-45) 
inserted were equally active against all tumor lines. However, the insertion of an unsaturated 
group in the alkyl chains of Tx-1 and Tx-4 produced modest increase in activity in the former 
(Tx-46) and significant increase in activity in the latter (Tx-44).- 

As has been the case in other compounds based on other polycyclic ring structures, 
those that terminate in a piperazine ring demonstrated far greater activity than those that 
terminated in a piperidine ring. Thus, Tx-2 and Tx-1 demonstrated greater anti-tumor activity 
than did Tx-4 and Tx-3. Modification of other components of the molecule, however, such as 
reduction of the amides to diamines, may alter this relationship between heterocyclic rings 
significantly, as seen with Tx-5 and Tx-4. 

Although other analogs of these four showed significant activity against selected tumor 
lines, none presented the overall effectiveness of the Group A and B agents. 

The preceding description of specific embodiments of the present invention is not 
intended to be a complete list of every possible embodiment of the invention. Persons skilled 
in this field will recognize that modifications can be made to the specific embodiments 
described here that would be within the scope of the present invention. 
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or a salt thereof; 

where at least one of RrR 12 is -Ri 3 Z, where R, 3 is a substituted or unsubstituted amino 
or amido group having from 1-12 carbon atoms, and Z is a substituted or 
unsubstituted heterocyclic group having from 1-12 carbon atoms; and 

where the remainder of R,-R 12 are independently selected from the group consisting of 
hydrogen, substituted or unsubstituted amino or amido groups having from 1-12 
carbon atoms, nitro, and substituted or unsubstituted hydrocarbyl groups having 
from 1-12 carbon atoms. 

2. The compound of claim 1, where R 2 is -R I3 Z and R, and R 3 -R I2 are hydrogen. 

3. The compound of claim 1, where R^ is -R !3 Z and R,-R 5 and R 7 -R 12 are hydrogen. 

4. The compound of claim 1, where R 2 and R 8 are each -R 13 Z and R„ R 3 -R 7 , and R$-R 12 
are hydrogen. 

5. The compound of claim 1, where R, 3 has the formula -NHR, 4 -, where R 14 is a 
substituted or unsubstituted aliphatic group having from 2-6 carbon atoms. 
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6. The compound of claim 5, where R !4 is selected from the group consisting of 
CCXCHACO- , -(CH 2 ) m - , and .COCCH^CHCHCCH^CO- , where n is from 1-4, m is from 2- 

6. q is from 0-2, and r is from 0-2. 

7. The compound of claim 1, where Z is selected from the group consisting of piperidinyl, 
piperazinyl, morpholinyl, thiomorpholinyl, pyiTolidinyl, pyridinyl, and thiophenyl. 

8. The compound of claim 1, where the compound is selected from the group consisting 
of: 

N-(2'-chrysenyl)4-(l '-piperidinyl)-butane-l ,4-diamine; 

N-[(6'-chrysenyl)-4-(4'N me%l-piperazinyl)-butane-l,4-diamine].N-[(12'-chrysenyl)- 

4-(l '-piperidinyl)-butane-l,4-diamine; and 
N-[(2'-chiysenylM<l'-piperi^^ 

methyl-piperazinyl)-butane-l ,4-diamine. 

9. The compound of claim 1, where the compound is selected from the group consisting 
of: 

N-(2 , -chrysenyI)-4-(4'N-methyl-piperazinyl)-butane- 1 ,4-dicarboxiamide; 
N-(2'-chrysenyl)-4-(4'N methyl-piperazinyl)-butane-l ,4-diamine; 
N-(2'-chrysenyl)-4-(4'N methyl-piperazinyl hydrochloride)-butane-l ,4-dicarboxiamide; 
N-(2'-chrysenyl)-3-(4'N methyl-piperazinyl)-propane- 1 ,3-dicarboxiamide; 
N-(2'-chrysenyl)-4-( 1 '-piperidinyI)-but-2-ene- 1 ,4-dicarboxiamide; 
N-(2'-chrysenyl)-4-(4 / N-methyl-piperazinyl)-but-2-ene- 1 ,4-dicarboxiamide; and 
N-(6'-chrysenyl)-4-(4'N-methyl-piperazinyl)-but-2-ene- 1 ,4-dicarboxiamide. 

10. The compound of claim 1, where the compound is selected from the group consisting 
of: 

N-(6'-chrysenyl)-4-(4'N methyl-piperazinyl)-butane- 1 ,4-dicarboxiamide; 
N-(6'-chrysenyl)-5-(4'N methyl-piperazinyl) -pentane-l,5-dicarboxiamide; 
N-(2'-chrysenyl)-4-(4'-morpholinyl)- butane- 1 ,4-dicarboxiamide; 
N-(2 / -chrysenyl)-4-(l '-thiomorpholinyl)-butane- 1 ,4-dicarboxiamide; 
N-(2 / -chrysenyl)-4-(l '-pyrrolidinyI)-butane-l ,4-dicarboxiamide; and 
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N-[(2 / -chrysenyl)-4-(4 / N methyl-piperazinyl) -butane- 1 ,4-dicarboxiamide]-N- [(8'- 
chryseny l>4-( 1 '-piperidinyl)-butane- 1 ,4-dicarboxiamide]. 



11. A pharmaceutical composition, comprising: 
(a) a compound having the formula 



M2 R, 




or a salt thereof; 

where at least one of R,-R, 2 is -R 13 Z, where R l3 is a substituted or unsubstituted 
amino or amido group having from 1-12 carbon atoms, and Z is a 
substituted or unsubstituted heterocyclic group having from 1-12 carbon 
atoms; and 

where the remainder of R,-R ]2 are independently selected from the group 
consisting of hydrogen, substituted or unsubstituted amino or amido 
groups having from 1-12 carbon atoms, nitro, and substituted or 
unsubstituted hydrocarbyl groups having from 1-12 carbon atoms; and 
(b) a pharmaceutical^ acceptable carrier. 

12. The composition of claim 1 1 , where R 2 is -R, 3 Z and R, and R 3 -R I2 are hydrogen. 

13. The composition of claim 1 i, where R* is -R I3 Z and R,-R 5 and R 7 -R, 2 are hydrogen. 

14. The composition of claim 1 1 , where R 2 and R 8 are each -R 13 Z and R„ R 3 -R 7 , and R^-R^ 
are hydrogen. 
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15. The composition of claim 11, where R l3 has the formula -NHR M -, where R l4 is a 
substituted or unsubstituted aliphatic group having from 2-6 carbon atoms. 

1 6. The composition of claim 1 5, where R 14 is selected from the group consisting of 
CCXCHACO- , -(CH^- , and -COCCH^CHCHCCH^CO- , where n is from 1-4, m is from 2- 
6, q is from 0-2, and r is from 0-2. 



17. The composition of claim 11, where Z is selected from the group consisting of 
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, pyridinyl, and thiophenyl. 

18. The composition of claim 11, where the compound is selected from the group 
consisting of: 

N-(2'-chrysenyl)4-(l '-piperidinyl)-butane- 1 ,4-diamine; 

N-[(6'-chrysenylH-(4'Nmemyl-piperazinyl>butane-l,4-diamine]-N-[(12'-chrysenyl> 
4-(l '-piperidinyl)-butane-l ,4-diamine; and 

N-[(2'-chi7senyl)-4-(l^piperidinyl)-butane-l,4-diamine]-N-[(8'-chrysenyl)-4-(4'N 
methyl-piperaziny l)-butane- 1 ,4-diamine. 

19. The composition of claim 11, where the compound is selected from the group 
consisting of: 

N-(2'-chrysenyl)-4-(4'N-methyl-piperazinyl)-butane-l,4-dicarboxiamide; 
N-(2'-chrysenyl)-4-(4'N methyl-piperazinyl)-butane-l ,4-diamine; 
N-(2'-chrysenyl)-4-(4'N methyl-piperazinyl hydrochloride)-butane-l ,4-dicarboxiamide; 
N<2'-chrysenyl)-3-(4'N methyl-piperazinyl)-propane- 1 ,3-dicarboxiamide; 
N-(2'-chrysenyl)-4-(l '-piperidinyl)-but-2-ene- 1 ,4-dicarboxiamide; 
N-(2'-chrysenyl)-4-(4'N-methyl-piperazinyl)-but-2-ene- 1 ,4-dicarboxiamide; and 
N-(6'-chrysenyl)-4-(4'N-methyl-piperazinyl)-but-2-ene- 1 ,4-dicarboxiamide. 

20. The composition of claim 11, where the compound is selected from the group 
consisting of: 

N-(6'-chrysenyl)-4-(4'N methyl-piperazinyl)-butane- 1 ,4-dicarboxiamide; 
N-(6'-chrysenyl)-5-(4'N methyl-piperazinyl) -pentane-l,5-dicarboxiamide; 
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N-(2'-chrysenyl)-4-(4'-morpholinyl)- butane- 1 ,4-dicarboxiamide; 
N-(2'-chrysenyl)-4-(l '-thiomorpholinyl)-butane-l ,4-dicarboxiamide; 
N-(2'-chrysenyl)-4-(l '-pyrrolidinyO-butane-l ,4-dicarboxiamide; and 
N-[(2'-chrysenyl)-4-(4'N methyl-piperazinyl) -butane- l,4-dicarboxiamide]-N- [(8'- 
chrysenyl>4-( 1 '-piperidinyl)-butane- 1 ,4-dicarboxiamide]. 

21 . A method of inhibiting the growth of tumor cells, comprising the step of administering 
to a mammal an amount effective to inhibit tumor cell growth of a compound having the 
formula 



R 12 R, 




or a salt thereof; 

where at least one of R r R I2 is -R 13 Z, where R 13 is a substituted or unsubstituted amino 
or amido group having from 1-12 carbon atoms, and Z is a substituted or 
unsubstituted heterocyclic group having from 1-12 carbon atoms; and 

where the remainder of R,-R l2 are independently selected from the group consisting of 
hydrogen, substituted or unsubstituted amino or amido groups having from 1-12 
carbon atoms, nitro, and substituted or unsubstituted hydrocarbyl groups having 
from 1-12 carbon atoms. 

22. The method of claim 21 , where R 2 is -R 13 Z and R } and R 3 -R, 2 are hydrogen. 

23. The method of claim 21, where is -R 13 Z and R,-!^ and R 7 -R, 2 are hydrogen. 
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24. The method of claim 21 , where R 2 and R s are each -R 13 Z and R„ R 3 -R„ and R,-R 12 are 
hydrogen. 

25. The method of claim 21 , where R 13 has the formula -NHR I4 -, where R 14 is a substituted 
or unsubstituted aliphatic group having from 2-6 carbon atoms. 

26. The method of claim 25, where R 14 is selected from the group consisting of 
COCCHACO- , -(CHA,- , and -COCCH^CHCHCCH^CO- , where n is from 1-4, m is from 2- 
6, q is from 0-2, and r is from 0-2. 

27. The method of claim 21 , where Z is selected from the group consisting of piperidinyl, 
piperazinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, pyridinyl, and thiophenyl. 

28. The method of claim 2 1 , where the compound is selected from the group consisting of: 
N-(2'-chrysenyl)4-(l '-piperidinyl)-butane-l ,4-diamine; 

N-[(6^chrysenylH-(4^memyl-piperazinyl)-butane-l,4-diamme]-N-[(12'-chrysenyl)- 
4-(r-piperidinyl)-butane-l,4-diamine; and 

N-[(2'-chrysenyl)-4-( 1 '-piperidinyl)-butane- 1 ,4-diamine]-N-[(8'-chrysenyl)-4-(4'N 
methyl-piperazinyl)-butane- 1 ,4-diamine. 

29. The method of claim 2 1 , where the compound is selected from the group consisting of: 
N-(2'-chrysenyl)-4-(4'N-methyl-piperazinyl)-butane- 1 ,4-dicarboxiamide; 
N-(2'-chrysenyl)-4-(4'N methyl-piperazinyl)-butane-l ,4-diamine; 
N-(2'-chrysenyl)-4-(4'N methyl-piperazinyl hydroch!oride)-butane-l ,4-dicarboxiamide; 
N-(2'-chrysenyl)-3-(4^memyl-piperazinyl)-propane-l,3-dicarboxiamide; 
N-(2'-cbjysenylH-(l'-piperidinyl)-but-2-ene-l,4-dicarboxiamide; 
N-(2'-chrysenyl)-4-(4'N-methyl-piperazinyl)-but-2-ene-l,4-dicarboxiamide;and 
N-(6'-chrysenyl)-4-(4'N-niethyl-piperazinyl)-but-2-ene- 1 ,4-dicarboxiamide. 

30. The method of claim 2 1 , where the compound is selected from the group consisting of: 
N-(6'-chrysenyl)-4-(4'N methyl-piperazinyl)-butane-l ,4-dicarboxiamide; 
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N-(6'-chrysenyl)-5-(4'N methyl-piperazinyl) -pentane-l,5-dicarboxiamide; 
N-(2'-chrysenyl)^(4'-morpholinyl)- butane- 1 ,4-dicarboxiamide; 
N-(2'-chrysenyl)-4-(l '-thiomorpholinyl)-butane-l ,4-dicarboxiamide; 
N-(2 '-chry seny l)-4-( 1 '-pyrrolidinyO-butane-l^-dicarboxiamide; and 
5 N-[(2'-chrysenyl)-4-(4'N methyl-piperazinyl) -butane- l,4-dicarboxiamide]-N- [(8'-chrysenyl)- 
4-(l '-piperidinyl)-butane-l ,4-dicarboxiamide]. 

31. A method of synthesizing an aromatic amino compound, comprising the step of 
reacting an aromatic compound having a nitro group in the presence of samarium and a 

10 catalytic amount of iodine. 

32. The method of claim 31, where the aromatic compound is a chrysene derivative having 
a nitro group. 
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